A new method for estimating vasomotor tone in a local circulation by means of the asystolic arterial pressure gradient was applied to the renal, femoral, brachial, and mesenteric vascular beds of normal dogs and of dogs made hypertensive by various technics. The splanchnic circulation apparently contributes the greatest proportion of the increase of resistance in anesthetized hypertensive animals. The correlation of vasomotor tone with diastolic pressure was good only in the mesenteric area. Some differences in these four areas were found between renal and neurogenic hypertension.
F OR many years it has been known that "essential" hypertension is due to an increase of total peripheral resistance.'* Opinion diverges, however, about the location of the changes of vasomotor tone, some studies indicating that the increase is uniform throughout the body,','-' others suggesting that reFrom the Hypertension Division, Department of Internal Medicine and the Oscar Johnson Institute, Washington University School of Medicine, St. Louis, Mo., under a grant-in-aid from the National Heart Institute, United States Public Health Service.
* Because considerable semantic confusion exists in writings on peripheral resistance, the following terminology was adopted and used throughout this report. The ratio, pressure: flow, sometimes called resistance,' is used as such. The term resistance per se indicates the force or hindrances acting to prevent the escape of blood from a local circulation, both that produced by the size of the arteriolar outlet and that resulting from the effects of the viscosity of blood. This factor corresponds to Pappenheimer's definition of "resistance proximal to the effective mid-point of the capillary."114 Total peripheral resistance (TPR) indicates the total force acting to prevent the escape of blood from the arterial system. The contribution of a given vascular bed to total peripheral resistance is equivalent to the reciprocal of its resistance and herein is designated conductance.2 The size of the arteriolar outlet, the arteriolar diameter, and total cross sectional area of the arterioles are used as synonyms for vasomotor tone., The term degree of vasoconstriction indicates the actual amount by which the arterioles are constricted.
For the purposes of this discussion the following factors are not included: the inertia of the mass of flowing blood, "postcapillary resistance" or the force opposing flow through venous circulation,' and the frictional force exerted by the large vessels. 706 gional differences occur.'-" Possibly the regional differences depend upon the type' of hypertension studied. Since in some ways the varieties of experimental hypertension are similar to those of "essential" hypertension,', patterns of regional vasomotor tone in the former should furnish some insight into the nature of the conditions. This study is concerned with establishing these patterns.
Because the usual approach2 to the estimation of regional vasomotor tone is both awkward and difficult, a new method was developed. The asystolic arterial pressure gradient, defined as the descending curve of intra-arterial pressure following occlusion of an artery supplying a local circulation, can be used to measure regional peripheral resistance. The measure is quantitative when collateral circulation is excluded and qualitative in the presence of collateral circulation.14 Although changes in the curves parallel changes of vasomotor tone, only one function of the gradient is directly applicable to the measurement of tone, namely, the level of intra-arterial pressure six seconds after arterial occlusion or EP6. ' t It is known that arterial pressure-volume factors, specifically intra-arterial volume and elastic recoil, are altered in hypertension. Intra-aortic volume may increase 100 per cent.26 Although changed intentionally during pressure-flow determinations, they influenced primarily the initial or a sections of the gradients of the kidney and forelimb; presumably the gradient of other vascular areas was similarly affected) . 16 t While variations in the ratio occur in a given ratios of EP6 to resistance must be constant in all regions. With such data as are available2 these specifications could not be met. Consequently it must be concluded that levels of EP6 in any region measure vasomotor tone in only that area. A method was therefore devised whereby the actual degree of constriction might be made comparable in different areas.'6 Renal and brachial pressure-flow curves were plotted against values of EP6, and arbitrary scales constructed. The brachial scale presumably may be applied to the femoral area. § However, at best, the method is approximate. The scales are based on extremes of 100 per cent dilatation and 100 per cent constriction, both impossible values in a functioning circulation, and no correction is entered for the effects of blood viscosity'3 14 or for collateral circulation. The method, although subject to error, provides a useful means for comparing the relative degree of constriction in one local circulation with another.
The Effects of Regional Circulations on Total Peripheral Resistance
As levels of systolic pressure are primarily regulated by cardiac output, and diastolic pressure, by peripheral resistance,2 the observed disparity of levels of systolic pressure and EP6 was to be expected. The correlation with diastolic pressure furnishes additional evidence for the validity of the EP6 method as a measure of vasomotor tone in some regions (higher values of pressure being associated with increased regional tone). This relationship was surprisingly good in the mesentery, better in the hindlimb than the forelimb, and absent in the kidney, indicating a descending order of importance of these structures in the primary regulation of diastolic pressure both in the anesthetized normal and hypertensive state contribute to the increase of total peripheral resistance in renal hypertension. As the total resistance of a local circulation is equal to the sum of its component resistances29' 1 it is obvious that the Goldblatt clamp is implicated; in addition, intrarenal resistance may be increased. It is obvious that collateral circulation accounted for some of the high values of EP6, but in general the levels were inversely related to the duration of the hypertension (a few days to 12 months). High levels of EP6 were found in the single dog with silk perinephritis and at autopsy this kidney w-as enclosed in a thick fibrous avascular capsule.
If intrarenal resistance is increased in chronic renal hypertension, it is explained most logically by the theory that partial arterial constriction leads to renal ischemia, and, in turn, humoral vasoconstiictor substances are released w*hich constrict the kidney.* Another explanation involves recurrent repeated stimulation of the renal sympathetic vasoconstrictor nerves by the mechanical action of the clamp. It is difficult to believe that this process could be continuous as the nerves probably would be damaged. A third explanation concerns the stimuation of these nerves, centrally or at their endlings, by humoral constrictor substances, and resembles the first. Whatever the mechanism, it, is possible that a certain element of reversible rienal vasoconstriction may accompany renal ischemic hypertension. The previously obserx-ed drop of blood pressure across a G1oldblatt ( lamp,2 -hich occurs even in the presence of collateral circulation, is confirmed.
The findings in anesthetized animals must be interpreted with caution, as they cannot be applied directly to the unanesthetized state. However, the general patterns found weresurprising. In of renal constriction is the same as in the limbs. In the chronic state, the renal changes were of wide variation.
According to these calculations normal kidneys are constricted to approximately 70 per cent of capacity, those in acute neurogenic hypertension to 79 per cent, in chronic neurogenic hypertension to 77 per cent, and in renal hypertension, not including the resistance of the clamp, to 89 per cent. Finally the observation that the femoral area is always slightly more constricted than the brachial may be a manifestation of a large muscle mass. '6 SUMMARY AND CONCLUSIONS 1. Determinations of asystolic arterial pressure gradients were made in four major local circulations of anesthetized normal and hypertensive dogs. In all animals the relationship of vasomotor tone to levels of diastolic pressure was good in the mesenteric area, fair in the limbs, and poor in the kidney, indicating a descending order of importance of these beds in the primary regulation of diastolic pressure.
2. Acute neurogenic hypertension was accompanied by vasoconstriction in all these areas with, however, the renal changing least. On the other hand chronic neurogenic hypertension was primarily characterized by an increase of resistance in the mesenteric area, the other beds being but slightly constricted. Presumably readjustments occur when the condition becomes chronic. Chronic renal hypertension was associated with marked mesenteric vasoconstriction, with the limbs also participating. It is possible that constriction was present in the renal vascular beds.
